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MATHEMATICAL PHILOSOPHY ? 



instead of preface . . . 

The development of mathematics continues in a rapid 
rhythm, some unsolved problems are elucidated and 
simultaneously new open problems to be solved appear. 

1. "Man is the measure of all things". Considering 
that mankind will last to infinite, is there a terminus 
point where this competition of development will end? And, 
if not, how far can science develop: even so to the 

infinite? That is . . . 

The answer, of course, can be negative, not being an 
end of development, but a period of stagnation or of small 
regression. And, if this end of development existed, would 
it be a (self) destruction? Do we wear the terms of self- 
destruction in ourselves? (Does everything have an end, 
even the infinite? Of course, extremes meet.) 

I, with my intuitive mind, cannot imagine what this 
infinite space means (without a beginning, without an end) , 
and its infinity I can explain to myself only by means of a 
special property of space, a kind of a curved line which 
obliges me to always come across the same point, something 
like Moebus Band, or Klein Bottle, which can be put 
up/down ( ! ) 

I am not a specialist in physics, astronomy or 
philosophy, and I institute the infinite only theoretically 




— from the point of view of mathematics (of course 
unilaterally) . 

2 . Mathematics knows a high degree of abstraction, 
idealization, and generalization. And I ask, is it possible 
to build a pure mathematical model for society? You will 
answer, "it would be too rigid". And you are right because 
the non-elastic systems stop the progress. But I should 
replay, "they would be based upon logic". In the future 
could we become human robots, having the time programmed to 
the second (or even thousandth of a second!), elements of a 
mathematical-cybernetical system? 

3. How do you imagine mathematics over 1,000 years? 
What ab out 1,000,000 year? (I exaggerate, of course.) What 
other new branches will appear? (Some will be ended, out of 
date?) (I'm not a futurist [Toepler] ) . 

You may consider these questions too general, or too 
easy, but what can be more difficult than trying to say a 
maximum of ideas with a minimum of words? You are right, 
sometimes a too general idea becomes a common one. Maybe 
you think that asking questions is easy, but let me 
contradict you. (R. K. Guy said that asking questions is an 
art.) And after all, aren't the theories born, at their 
turn, from questions? (Maybe in this essay the questions 
are too direct, you are right again.) 
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4. If we consider "Math (t) ", the development of 
mathematics at a time "t" (considered from the appearance of 
life on Earth) then 

(3) L = lim Math (t) ? 
t — > °° 

And if it is yes, what is it equal with? With °° ? in case 
of total self-destruction should we obtain L = 0? And if 
life would reappear and the development would start again 
then should we draw the conclusion that (3) L ? (cyclical 
development) . 

5. In case of a total (self) destruction and 
reappearance of life on Earth, how would they call the 
Pythagoras' theorem, Euclid's geometry, Birkoff ' s axioms, 
Erdos' open problems, and so on? Will mankind pass through 
the same phases of development? Or, if it would exist, 
another civilization at the same time, how should they call 
these results? And how should we call them if these two (or 
more) civilizations united? (I have arrived in the field of 
history and of mathematical philosophy, which is not the 
purpose of this paper.) (All these questions can be also 
extended to other fields of knowledge.) 

I can imagine computers with fantastic memories having 
the whole mathematics divided like a mosaic: this theorem 

belongs to X, the other one to Y, this sentence belongs to 
everybody, the other sentence belongs to nobody — the one who 
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will invent has not been born yet, but he will be born! A 
real dictionary of names and ideas, science divided in a 
finite (but, however, infinite) number of cells, each of 
them having a strict delimitation, with its own history, and 
the future generations will add new and new cells. 

Although the applied mathematics, the integral 
calculus, the operator theory are the queens, the primitive 
arithmetic still fascinates the world because of its 
apparent elementary problems — very easy to be understood by 
everybody, but . . . 

Why is mankind still interested in these easy problems, 
of mathematical juggler? I think that it is possible thanks 
to their simplicity in exposure. ("Ah, it's easy", one 
says, and to solve it you discover that you plunge into a 
labyrinth. And, hence, appears a paper: "On a conjecture 

. . .", "On the unsolved problem ..." etc.) 

I am sure that the "unsolved" problems presented in 
these pages will be (or have already been before the 
appearance of this essay) easy for many mathematicians, but 
for me they were an obsessions. W. Sierpihski was 
optimistic when ha said that if mankind lasted then all 
these unsolved problems would be solved. 

All the material in this paper is original in the 
author's opinion. He wanted to gather in this paper a 
variety of material, for the sake of an armony of 



contraries . 
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"I want to be a mathematician", as P. R. Halmos, and 
for the I began to play: rebus + mathematics, literature + 

mathematics, and even rebus + literature! So, please, do 
not wonder at this essay. 

References 

[1] R. K. Guy, Unsolved problems in number theory. New 

York, Heidelberg, Berlin: Springer-Verlag, 1981, p. 

vii . 

[2] P. R. Halmos, I want to be a mathematician. An 
Automathography , Berlin, Heidelberg, New York, Tokyo: 
Lange & Springer, 1985. 

[3] C. Truesdell, An idiot's fugitive essays on sciences. 

Methods, Criticism, Training, Circumstances: Lange & 

Springer, 1984. 




8 



UNSOLVED PROBLEM: 1 

Find all integer sequences {a,,}^,,. defined as follows: 

(I) (V)ieN*, (3)j, keN*, i^j^k^i, such that 
a ± = aj (mod a k ) . 

(II) (V)ieN*, (3)j, keN*, i^j^k^i, such that 
a i = a k (mod aj . 



UNSOLVED PROBLEM: 2 

Let d > o. Questions: 

(a) Which is the maximum number of points included in 

a plane figure (generally: in a space body) such that the 

distance between any two points to be greater or equal than 
d? 

(b) Which is the minimum number of points {A x , A 2 , . . . } 

included in a plane figure (generally: in a space body) 

such that if it includes another point A then there be an A i 
with IaaJ < d? 




UNSOLVED PROBLEM: 3 



(a) Let a lf . .., a n be distinct digits of the set {0, 

1, 2, . .., 9}, for a given n, 1 n < 9 . How many distinct 
primes can we make up with all these digits? More 
generally: when n e N* and a lr . .., a n are distinct 

positive integers. 

(b) Let a e {0, 1, 9}. How many digits of a does 

the n-th prime contain? But n! ? But n n ? More generally: 
when a e N . 

Comment 

"The sizes P n , n!, n 11 have jumps when n — » n + 1, hence 
the analytical expressions are approximate only. Moreover, 
the results depend on the exact (and not approximate) value 
of those sizes" (E. Grosswald [1]) . 

"(a) can be solved quickly on a modern computer" (R. K. 
Guy [2]). 

References 

[1] E. Grosswald, University of Pennsylvania, Philadelphia, 

USA. Letter to the Author; August 3, 1985. 

[2] Richard K. Guy, University of Calgary, Alberta, Canada. 
Letter to the Author; November 15, 1985. 




UNSOLVED PROBLEM: 4 
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Digital sequences: 

(This a particular case of sequences of sequences.) 

General definition: 

in any numeration base B, for any given infinite integer or 

rational sequence S , S , S , . . . , and any digit D from 0 to B-l 

12 3 



it's built up a new integer sequence witch 

associates to S the number of digits D of S 
1 1 
to S the number of digits D of S in base B, 
2 2 



in base B, 
and so on . . . 



For exemple, considering the prime number sequence in base 10, 
then the number of digits 1 (for exemple) of each prime number 
following their order is: 0, 0, 0, 0, 2, 1, 1, 1, 0, 0, 1, 0, . . . 

(the digit-1 prime sequence) . 

Second exemple if we consider the factorial sequence n! in base 
10, then the number of digits 0 of each factorial number 
following their order is: 0, 0, 0, 0, 0, 1, 1, 2, 2, 1, 3, . . . 

(the digit-0 factorial sequence) . 

Third exemple if we consider the sequence n A n in base 10, n=l,2, 
then the number of digits 5 of each term l A l, 2 A 2, 3 A 3,..., 
following their order is: 0, 0, 0, 1, 1, 1, 1, 0, 0, 0, . . . 

(The digit-5 n A n sequence) 




UNSOLVED PROBLEM: 5 
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Construction sequences: 

(This a particular case of sequences of sequences.) 

General definition: 

in any numeration base B, for any given infinite integer or 

rational sequence S , S , S , . . . , and any digits D , D , 

1 2 3 12 

•••/ (k < B) , it's built up a new integer sequence such 

that each of its terms Q < Q < Q < ... is formed by 

12 3 

these digits D , D , ..., D only (all these digits are 

12 k 

used), and matches a term S of the previous sequence. 

i 

For exemple, considering in base 10 the prime number 
sequence, and the digits 1 and 7 (for exemple) , 
we construct a written-only-with-these-digits (all these 
digits are used) prime number new sequence: 17,71,... 

(the digit-l-7-only prime sequence) . 

Second exemple, considering in base 10 the multiple of 3 
sequence, and the digits 0 and 1, 

we construct a written-only-with-these-digits (all these 
digits are used) multiple of 3 new sequence: 1011,1101, 

1110 , 10011 , 10101 , 10110 , 11001 , 11010 , 11100 , . . . 

(the digit— 0-1-only multiple of 3 sequence) . 



Study this sequence. 




UNSOLVED PROBLEM: 6 
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Constructive set (of digits 1,2): 

1 , 2 , 11 , 12 , 21 , 22 , 111 , 112 , 121 , 122 , 211 , 212 , 221 , 222 , 1111 , 1112 , 
1121 , 1122 , 1211 , 1212 , 1221 , 1222 , 21112112 , 2121 , 2122 , 2211 , 2212 , 
2221 , 2222 , . . . 

(Numbers formed by digits 1 and 2 only.) 

Definition : 

al) 1, 2 belong to S; 

a2) if a, b belong to S, then ab belongs to S too; 
a3) only elements obtained by rules al) and a2) applied a 
finite number of times belong to S. 

Remark : 

- there are 2^k numbers of k digits in the sequence, for 

k = 1, 2, 3, ... ; 

- to obtain from the k-digits number group the (k+1) -digits 
number group, just put first the digit 1 and second the 
digit 2 in the front of all k-digits numbers . 




UNSOLVED PROBLEM: 7 
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Constructive set (of digits 1,2,3): 

1,2,3,11,12,13, 21,22,23,31,32,33,111,112,113, 121,122,123, 
131,132,133,211,212,213,221,222,223,231,232,233,311,312, 
313,321,322,323,331,332,333, . . . 

(Numbers formed by digits 1, 2, and 3 only.) 

Definition : 

al) 1, 2, 3 belong to S; 

a2) if a, b belong to S, then ab belongs to S too; 
a3) only elements obtained by rules al) and a2) applied 
a finite number of times belong to S. 

Remark: 

- there are 3 A k numbers of k digits in the sequence, for 

k = 1 , 2, 3, ... ; 

- to obtain from the k-digits number group the (k+1) -digits 
number group, just put first the digit 1, second the digit 2, 
and third the digit 3 in the front of all k-digits numbers. 




UNSOLVED PROBLEM : 8 
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Generalizated constructive set: 

(Numbers formed by digits d , d , . .., d only, 

12 m 

all d being different each other, 1 <= m <= 9.) 
i 

Definition : 

al) d , d , ..., d belong to S; 

12 m 

a2) if a, b belong to S, then ab belongs to S too; 
a3) only elements obtained by rules al) and a2) applied 
a finite number of times belong to S. 



Remark: 

- there are m A k numbers of k digits in the sequence, for 
k = 1, 2, 3, ... ; 



- to obtain from the k-digits number group the (k+1) -digits 

number group, just put first the digit d , second the digit d 

1 

..., and the m-th time digit d in the front of all k-digits 



m 



numbers . 



More general : all digits d can be replaced by numbers as 

i 

large as we want (therefore of many digits each) , and also 
m can be as large as we want. 



Study these sequences. 




15 



UNSOLVED PROBLEM: 9 



Rationalize the following fraction: 



l/ I ^a“- 

/ i=l 



UNSOLVED PROBLEM: 10 



Mathematical Logic: 

Is it true that for any question there is at least an 
answer? Reciprocally: Is any assertion the result of at 

least a question? 
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UNSOLVED PROBLEM: 11 

Is it possible to construct a function which obtains 
all irrational numbers? But all transcendental numbers? 



UNSOLVED PROBLEM: 12 

Given n points in space- four by four noncoplanar, find 
a maximum m having the property that there are m points 
among n ones which constitute the vertexes of a convex 
polyhedron. [An extension of the following conjecture: 
Anyhow it chooses 2“ + 1 points in plane, three by three 

noncolinear, there are among these m joints which are the 
vertexes of a convex polygon. (loan Tomescu, Problems of 
combinatorics and graph theory [Romanian], Bucharest, EDP, 
1983.) For m = 5 the conjecture was proved; it was still 
proved that it can choose 2 m 2 points in plane, three by 
three noncolinear, such that any m ones among these do not 
constitute the vertexes of a convex polygon.] 
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UNSOLVED PROBLEM: 13 

What is the maximum number of circles of radius 1, at 
most tangential by twos, which are included into a circle of 
radius n? (Gamma 1/1986) . This problem was generalized by 
Mihaly Bencze, who asks the maximum number of circles of 
radius 0(n) , at the most tangential by twos, which are 
included into a circle of radium n, where (p is a function of 
n (Gamma 3/1986) . 

Study a similar problem for circles of radius 1 
included into a given triangle (on Malfatti's problem) . 
Similar questions for spheres, cones, cylinders, regular 
pyramids, etc. More generally: planar figures included 

into a given planar figure. And in the space, too. 

UNSOLVED PROBLEM: 14 

(a) Let m 21 5 an integer. Find a minimum n (of 
course, n depends on m) having the property: anyhow it 
chooses n points in space, four by four noncoplanar, there 
exist m ones among these which belong to a surface of a 
sphere . 

(b) Same question for an arbitrary spatial figure (for 

example: cone, cube, etc.). 

(c) Similar problems in plane (for m > 4, and the 

points: three by three noncolinear) . 
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UNSOLVED PROBLEM: 15 

Consecutive sequence: 

1,12,123, 1234,12345,123456,1234567,12345678,123456789, 

12345678910, 1234567891011,123456789101112, 

12345678910111213, . . . 

How many primes are there among these numbers? 

In a general form, the Consecutive Sequence is considered 
in an arbitrary numeration base B. 

Reference : 

Student Conference, University of Craiova, Department of 
Mathematics, April 1979, "Some problems in number 
theory" by Florentin Smarandache . 

UNSOLVED PROBLEM: 16 

Circular sequence: 

1,12,21,123,231,312,1234,2341,3412,4123,12345,23451,34512,45123,51234, 

II II _ __l l_ _ J 1 I 

1 2 3 4 5 

123456,234561,345612,456123,561234,612345,1234567,2345671,3456712, . . . 




How many primes are there among these numbers? 




UNSOLVED PROBLEM: 17 



Symmetric sequence: 

1,11,121,1221,12321, 123321, 1234321, 12344321,123454321, 

1234554321,12345654321,123456654321,1234567654321, 

12345677654321,123456787654321,1234567887654321, 

12345678987654321,123456789987654321,12345678910987654321 

1234567891010987654321,123456789101110987654321, 

12345678910111110987654321, . . . 

How many primes are there among these numbers? 

In a general form, the Symmetric Sequence is considered 
in an arbitrary numeration base B. 

References : 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287 
1006, USA. 

Student Conference, University of Craiova, Department of 
Mathematics, April 1979, "Some problems in number 



theory" by Florentin Smarandache. 
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UNSOLVED PROBLEM: 18 



Deconstructive sequence: 



1,23,456, 7891,23456, 789123,4567891 



, 23456789, 123456789, 



1234567891 



How many primes are there among these numbers? 

References: 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 



UNSOLVED PROBLEM: 19 



Mirror sequence: 

1,212,32123,4321234,543212345,65432123456,7654321234567, 

876543212345678,98765432123456789,109876543212345678910, 

1110987654321234567891011, 

Question: How many of them are primes? 




UNSOLVED PROBLEM: 20 
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Permutation sequence: 

12,1342,135642,13578642,13579108642,135791112108642, 
1357911131412108642, 13579111315161412108642, 

135791113151718161412108642, 1357911131517192018161412108642, . 
Question: Is there any perfect power among these numbers? 

(Their last digit should be: 
either 2 for exponents of the form 4k+l, 

either 8 for exponents of the form 4k+3, where k >= 0 .) 
Conjecture: no! 

Generalizated permutation sequence: 

If g(n), as a function, gives the number of digits of a (n) , 
and F if a permutation of g(n) elements, then: 



a (n) - F (1) F (2) . . .F(g(n) ) . 




UNSOLVED PROBLEM: 21 
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Digital sum: 



0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 



I I 



3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13,14 

I II II | 



(d (n) is the sum of digits.) 
s 



Study this sequence. 



UNSOLVED PROBLEM: 22 



Digital products: 

0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 0 , 2 , 4 , 6 , 8 , 19 , 12 , 14 , 16 , 18 , 
1 II II | 



0 , 3 , 6 , 9 , 12 , 15 , 18 , 21 , 24 , 27 , 0 , 4 , 8 , 12 , 16 , 20 , 24 , 28 , 32 , 36 , 0 , 5 , 10 , 15 , 20 , 25 , 
1 II II 



(d (n) is the product of digits.) 
P 



Study this sequence. 




UNSOLVED PROBLEM: 23 
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Simple numbers: 

2, 3,4, 5, 6,7, 8, 9, 10, 11, 13, 14, 15, 17, 19, 21, 22, 23, 25, 26, 27,29, 31, 
33,34,35,37,38,39,41,43,45,46,47,49,51,53,55,57,58,61,62,65, 

67, 69, 71, 73,74, 77,78, 79,82, 83, 85, 86, 87, 89, 91, 93, 94, 95, 97,101, 103, 
(A number n is called <simple number> if the product of its 
proper divisors is less than or equal to n.) 

Generally speaking, n has the form: 

n = p, or p A 2, or p A 3, or pq, where p and q are distinct 
primes . 

Study this sequence. 

References : 

Student Conference, University of Craiova, Department of 
Mathematics, April 1979, "Some problems in number 
theory" by Florentin Smarandache. 




UNSOLVED PROBLEM: 24 
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Pierced chain: 

101,1010101,10101010101,101010101010101,1010101010101010101, 

10101010101010101010101,101010101010101010101010101, 

(c (n) — 101 * 1 0001 0001 ... 0001 , for n >= l) 

l__l I I ... | | 

1 2 n-1 

How many c(n)/101 are primes ? 

References : 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 

Student Conference, University of Craiova, Department of 
Mathematics, April 1979, "Some problems in number 
theory" by Florentin Smarandache. 



UNSOLVED PROBLEM: 25 



Divisor products: 

1,2, 3, 8, 5, 36, 7, 64, 27, 100, 11, 1728, 13, 196,225, 1024,17,5832,19, 
8000, 441, 484, 23, 331776, 125, 67 6, 72 9, 21952, 29, 810000, 31,32768, 
1089, 1156, 1225, 10077696, 37, 1444, 1521, 25 60000, 41,... 

(P (n) is the product of all positive divisors of n.) 



Study this sequence. 




UNSOLVED PROBLEM: 26 
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Proper divisor products: 

1 , 1 , 1 , 2 , 1 , 6 , 1 , 8 , 3 , 10 , 1 , 144 , 1 , 14 , 15 , 64 , 1 , 324 , 1 , 400 , 21 , 22 , 1 , 
13824 , 5 , 26 , 27 , 784 , 1 , 27000 , 1 , 1024 , 33 , 34 , 35 , 279936 , 1 , 38 , 39 , 
64000 , 1 , . . . 

(p (n) is the product of all positive divisors of n but n.) 
d 

Study this sequence. 



UNSOLVED PROBLEM: 27 



Square complements: 

1 , 2 , 3 , 1 , 5 , 6 , 7 , 2 , 1 , 10 , 11 , 3 , 14 , 15 , 1 , 17 , 2 , 19 , 5 , 21 , 22 , 23 , 6 , 1 , 26 , 

3 , 7 , 29 , 30 , 31 , 2 , 33 , 34 , 35 , 1 , 37 , 38 , 39 , 10 , 41 , 42 , 43 , 11 , 5 , 46 , 47 , 3 , 

1 , 2 , 51 , 13 , 53 , 6 , 55 , 14 , 57 , 58 , 59 , 15 , 61 , 62 , 7 , 1 , 65 , 66 , 67 , 17 , 69 , 70 , 71 , 2 , 



Definition : 

for each integer n to find the smallest integer k such that 
nk is a perfect square.. 

(All these numbers are square free.) 



Study this sequence. 
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UNSOLVED PROBLEM: 28 



Cubic complements: 

1,4, 9, 2,25, 36, 49, 1,3, 100, 121, 18, 169, 196,225,4,289, 12,361,50, 
441,484,529, 9, 5, 676, 1, 841, 900, 961,2,1089, 1156, 1225, 6, 1369, 
1444,1521,25,1681,1764,1849,242,75,2116,2209,36,7,20, . . . 
Definition : 

for each integer n to find the smallest integer k such that 
nk is a perfect cub. 

(All these numbers are cube free.) 

Study this sequence. 

UNSOLVED PROBLEM: 29 

m-power complements: 

Definition : 

for each integer n to find the smallest integer k such that 
nk is a perfect m-power (m => 2) . 

(All these numbers are m-power free.) 

Study this sequence. 

Reference : 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 
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UNSOLVED PROBLEM: 30 



Cube free sieve: 

2,3,4,5,6,7,9,10,11,12,13,14,15,17,18,19,20,21,22,23,25,26, 
28,29,30,31,33,34,35,36,37,38,39,41,42,43,44,45,46,47,49,50, 
51,52,53,55, 57,58,59, 60, 61,62,63, 65, 66, 67,68, 69, 70, 71,73, . . . 
Definition: from the set of natural numbers (except 0 and 1): 

- take off all multiples of 2 A 3 (i.e. 8, 16, 24, 32, 40, ...) 

- take off all multiples of 3 A 3 

- take off all multiples of 5 A 3 

. . . and so on (take off all multiples of all cubic primes) . 

(One obtains all cube free numbers.) 

Study this sequence. 

UNSOLVED PROBLEM: 31 

m-power free sieve: 

Definition: from the set of natural numbers (except 0 and 1) 

take off all multiples of 2 A m, afterwards all multiples of 3 A m, 
and so on (take off all multiples of all m-power primes, m >= 2) 
(One obtains all m-power free numbers.) 



Study this sequence. 
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UNSOLVED PROBLEM: 32 



Irrational root sieve: 

2, 3, 5, 6, 7, 10, 11, 12, 13, 14, 15, 17, 18, 19,20, 21, 22, 23, 24, 26, 28, 

29, 30, 31, 33, 34, 35, 37, 38, 39, 40, 41, 42, 43, 44,45,46, 47, 48, 50, 

51,52, 53,54, 55, 56, 57,58,59, 60, 61, 62, 63, 65, 66, 67, 68, 69, 70, 71, 72,73 
Definition: from the set of natural numbers (except 0 and 1) : 

- take off all powers of 2 A k, k >= 2, (i.e. 4, 8, 16, 32, 64, 

- take off all powers of 3 A k, k >= 2; 

- take off all powers of 5 A k, k >= 2; 

- take off all powers of 6 A k, k >= 2; 

- take off all powers of 7 A k, k >= 2; 

- take off all powers of 10 A k, k >= 2; 

. . . and so on (take off all k — powers, k >= 2, of all square 
free numbers) . 

One gets all square free numbers by the following method (sieve) : 
from the set of natural numbers (except 0 and 1) : 

- take off all multiples of 2 A 2 (i.e. 4, 8, 12, 16, 20, ...) 

- take off all multiples of 3 A 2 

- take off all multiples of 5 A 2 

. . . and so on (take off all multiples of all square primes) ; 

one obtains, therefore: 

2, 3,5, 6,7,10, 11,13,14,15, 17, 19, 21,22,23,2 6,2 9,30, 31,33,34, 

35,3 7 , 38,3 9 , 41 , 42 , 43 , 4 6 , 4 7 , 51 , 53 , 55 , 57 , 58 , 59 , 61 , 62 , 65 , 66 , 

67, 69, 70, 71,... , 

which are used for irrational root sieve. 
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(One obtains all natural numbers those m-th roots, for any 
m >= 2, are irrational.) 

Study this sequence. 

References : 

Arizona State University, Hayden Library, "The Florentin 

Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 

Student Conference, University of Craiova, Department of 
Mathematics, April 1979, "Some problems in number 
theory" by Florentin Smarandache. 
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UNSOLVED PROBLEM: 33 

Let a lf a 2 , . .., a m be digits. Are there primes, on a 

base b, which contain the group of digits a x ... a m into its 
writing? (For example, if a x = 0 and a 2 = 9 there are 
primes as 109, 409, 709, 809, . . .) But n! ? But n n ? 



UNSOLVED PROBLEM: 34 



Conjecture 

Let k >_ 2 a positive integer. The diophantine 

equation : 



y = 2 x x x 2 . . . x k + 1 

has an infinity of solutions of primes. (For example: 
571 - 2 • 3 • 5 • 19 + 1, 691 = 2 • 3 • 5 • 23 + 1, or 
647 = 2 • 17 • 19 + 1, when k = 4, respectively, 3) . 
(Gamma 2/1986) . 
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UNSOLVED PROBLEM: 35 



Let d„ be the distance between two consecutive primes, 

1 

dn = — (p n+1 - p n ) , n = 1, 2, ... Does <!„ contain an infinite 

2 



number of primes? 

Does d„ contain numbers of the form n! ? But of the 
form n n ? 

(i.) ^ (fr) 

Let i e N*, and d n - “ (p n+i - p n ) , and d n , ± = 

2 

1 (U (c) 

= ~ ( d nfi “ dn) f ° r n = 1/ 2, ... 

2 * 



The same questions. 
(Gamma 2/1986) . 



UNSOLVED PROBLEM: 36 



Conjecture 

Anyhow the points of a plane are colored with n colors, 
there exists a color which fulfills all distances [i.e., (3) 

a color c, (V) d >. o, (3) the points A, B colored in c, such 
that the line AB is colored in c and !abI = d] . 

(The result would implicitly be true in space, too.) 




UNSOLVED PROBLEM: 37 



Let k, n e N*, k < n. We define a decreasing sequence 
of integers: n e = n and n i+1 = max {p, plni - k, p is a 

prime}, for i > 0. 

Find the length (the number of terms) of this sequence 
(Gamma 2—3/1987) . 



UNSOLVED PROBLEM: 38 



Spreading to infinite van der Waerden' s theorem: Is it 

possible to partition N* into an infinity of arbitrary 
classes such that at least one class contain an arithmetic 
progression of t terms ({> 3)? 

Find a maximum t having this property. 
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UNSOLVED PROBLEM: 39 



(Inferior) prime part: 

2.3.3.5.5.7.7.7.7.11.11.13.13.13.13.17.17.19.19.19.19.23.23, 

23.23.23.23.29.29.31.31.31.31.31.31.37.37.37.37.41.41.43.43, 

43,43,47,47,47,47,47,47,53,53,53,53,53,53,59, . . . 

(For any positive real number n one defines p (n) as the 

P 

largest prime number less than or equal to n.) 

(Superior) prime part: 

2.2.2.3.5.5.7.7.11.11.11.11.13.13.17.17.17.17.19.19.23.23, 
23,23,29,29,29,29,29,29,31,31,37,37,37,37,37,37,41,41,41, 

41. 43. 43, 47, 47, 47, 47, 53, 53, 53, 53,53, 53, 5 9, 59, 59, 59, 59, 59, 61, . . 

(For any positive real number n one defines P (n) as the 

P 

smallest prime number greater than or equal to n.) 

Study these sequences. 

Reference : 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 
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UNSOLVED PROBLEM: 40 

(Inferior) square part: 

0 / 1 , 1 , 1 , 4 , 4 , 4 , 4 , 4 , 9 , 9 , 9 , 9 , 9 , 9 , 9 , 16 , 16 , 16 , 16 , 16 , 16 , 16 , 16 , 16 , 

25 , 25 , 25 , 25 , 25 , 25 , 25 , 25 , 25 , 25 , 25 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 

36 , 36 , 36 , 36 , 49 , 49 , 49 , 4 9 , 49 , 49 , 49 , 49, 4 9 , 4 9 , 49 , 49 , 49 , 49, 4 9 , 64 , 64 ,... 

(The largest square less than or equal to n.) 

(Superior) square part: 

0 , 1 , 4 , 4 , 4 , 9 , 9 , 9 , 9 , 9 , 16 , 16 , 16 , 16 , 16 , 16 , 16 , 25 , 25 , 25 , 25 , 25 , 25 , 

25 , 25 , 25 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 36 , 49 , 49 , 49 , 49 , 49 , 49 , 

49 , 49 , 49 , 49 , 49 , 49 , 49 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 

64 , 64 , 81 , 81 , . . . 

(The smallest square greater than or equal to n.) 



Study these sequences. 
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UNSOLVED PROBLEM: 41 



(Inferior) cube part: 

0 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 27 , 27 , 
21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 21 , 
27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 64 , 64 , 64 , . . . 
(The largest cube less than or equal to n.) 



(Superior) cube part: 

0 , 1 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 27 , 

27 . 27 . 27 . 27 . 27 . 27 . 64 . 64 . 64 . 64 . 64 . 64 . 64 . 64 , 64 , 64 , 64 , 64 , 64 , 

64 . 64 . 64 . 64 . 64 . 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 64 , 
64 , 64 , 64 , 64 , 64 , 125 , 125 , 125 , . . 

(The smalest cube greater than or equal to n.) 



Study these sequences. 




UNSOLVED PROBLEM: 42 



(Inferior) factorial part: 

1 . 2 . 2 . 2 . 2 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 6 . 24 . 24 . 24 . 24 , 

24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 . 24 , . . . 

(F (n) is the largest factorial less than or equal to n.) 

P 



(Superior) factorial part: 

1 , 2 , 6 , 6 , 6 , 6 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 24 , 

24 , 24 , 120 , 120 , 120 , 120 , 120 , 120 , 120 , 120 , 120 , 120 , 120 , . . . 

(f (n) is the smallest factorial greater than or equal to n.) 
P 



Study these sequences. 
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UNSOLVED PROBLEM: 43 



Double factorial complements: 

1, 1,1, 2, 3, 8, 15, 1,105,1 92, 94 5,4, 103 95, 460 80, 1, 3,202 702 5,25 60, 
34 45 9425, 192, 5, 37158912 00, 1374 931 0575, 2, 81 081, 1961990553600, 
35,23040,213458046676875, 128, 6190283353629375, 12, . . . 

(For each n to find the smallest k such that nk is a double 
factorial, i.e. nk = either 1*3*5*7*9* . . . *n if n is odd, 

either 2*4*6*8* . . . *n if n is even.) 

Study this sequence in interrelation with Smarandache 
function { S(n) is the smallest integer such that S (n) ! is 
divisible by n ) . 
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UNSOLVED PROBLEM: 44 



Prime additive complements: 



1 . 0 . 0 . 1 . 0 . 1 . 0 . 3 . 2 . 1 . 0 . 1 . 0 . 3 . 2 . 1 . 0 . 1 . 0 . 3 . 2 . 1 . 0 . 5 . 4 . 3 . 2 . 1 . 0 , 

1 . 0 . 5 . 4 . 3 , 2 , 1 , 0 , 3 , 2 , 1 , 0 , 1 , 0 , 3 , 2 , 1 , 0 , 5 , 4 , 3 , 2 , 1 , 0 , . . . 



(For each n to find the smallest k such that n+k is prime.) 
Remark: is it possible to get as large as we want 

but finite decreasing k, k-1, k-2, . .., 2, 1, 0 (odd k) 

sequence included in the previous sequence — i.e. for any 
even integer are there two primes those difference is equal 
to it? X conjecture the answer is negative. 



Reference : 

Arizona State University, Hayden Library, "The Florentin 
Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 
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UNSOLVED PROBLEM: 45 

Factorial quotients: 

1, 1,2, 6,24, 1,720,3,80, 12,3628800, 2,479001600,360,8, 45, 

20922789888000,40,6402373705728000,6,240,1814400, 

1124000727777607680000, 1, 145152,239500800, 13440, 180, 
304888344611713860501504000000, 

(For each n to find the smallest k such that nk is a factorial number., 
Study this sequence in interrelation with Smarandache function. 

Reference : 

Arizona State University, Hayden Library, -The Florentin 

Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 
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UNSOLVED PROBLEM: 46 



Double factorial numbers: 

1,2, 3, 4, 5, 6, 7, 4, 9, 10, 11, 6, 13, 14, 5, 6, 17, 12, 19, 10, 7,22, 23, 6, 
15,26, 9,14,29,10,31,8,11,34,7,12,37,38, 13,10,41,14,43,22,9, 

46, 47, 6,21, 10, . . . 

(d (n) is the smallest integer such that d (n) ! ! is a 
f f 

multiple of n.) 

Study this sequence in interrelation with Smarandache function. 

Reference ; 

Arizona State University, Hayden Library, "The Florentin 



Smarandache papers" special collection, Tempe, AZ 85287- 
1006, USA. 
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UNSOLVED PROBLEM: 47 



Primitive numbers (of power 2) : 

2 , 4 , 4 , 6 , 8 , 8 , 8 , 10 , 12 , 12 , 14 , 16 , 16 , 16 , 16 , 18 , 20 , 20 , 22 , 24 , 24 , 24 , 
26 , 28 , 28 , 30 , 32 , 32 , 32 , 32 , 32 , 34 , 36 , 36 , 38 , 40 , 40 , 40 , 42 , 44 , 44 , 46 , 
48 , 48 , 48 , 48 , 50 , 52 , 52 , 54 , 56 , 56 , 56 , 58 , 60 , 60 , 62 , 64 , 64 , 64 , 64 , 64 , 64 , 66 ,. 

<S 2 <n) 13 the S1 " alleSt integer such that (n) ! is divisible by 2*„ 

Curious property: this is the sequence of even numbers, 

each number being repeated as many times as its exponent 
(of power 2) is. 



This is one of irreductible functions, noted S (k) , which 
helps to calculate the Smarandache function. 2 

Study this sequence. 
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UNSOLVED PROBLEM: 48 

Primitive numbers (of power 3) : 

3,6,9, 9,12,15,18,18,21,24,27,27,27,30,33,36,36,39,42,45,45, 

48, 51, 54, 54, 54, 57, 60, 63, 63, 66, 69, 72, 72, 75, 78, 81, 81, 81, 81, 84, 
87,90,90,93,96,99,99,102,105,108,108,108,111, . . . 

(S (n) is the smallest integer such that S (n) ! is divisible by 3 A n 
3 3 

Curious property: this is the sequence of multiples of 3, 

each number being repeated as many times as its exponent 

(of power 3) is. 

This is one of irreductible functions, noted S (k) , which helps 

3 

to calculate the Smarandache function. 

Study this sequence. 



UNSOLVED PROBLEM: 49 



Primitive numbers (of power p, p prime) {generalization}: 

(S (n) is the smallest integer such that S (n) ! is divisible by p A n 
P p 

Curious property: this is the sequence of multiples of p, each 

number being repeated as many times as its exponent (of power p) is 

These are the irreductible functions, noted S (k) , for any 

P 

prime number p, which helps to calculate the Smarandache function. 



Study this sequence. 




UNSOLVED PROBLEM: 50 



Let a e Q\{— 1, 0, 1}. Solve the equation: 

1 1 

xa x + “ a x = 2a. 
x 

[A generalization of the problem 0:123, Gazeta Matematica, 
No. 3/1980, p. 125.] 



UNSOLVED PROBLEM: 51 

(a) If (a, b) = 1, how many primes does the 

progression ap n + b, n = 1, 2, ..., contain? where p n is 

the n-th prime. But numbers of the form n! ? But n n ? 

(b) Same questions for a n + b, a£ {+. 1, 0}. 

(c) Same questions for k x + 1 and k k - 1, keN* . 



(Gamma 2/1986) 
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UNSOLVED PROBLEM: 52 

(a) Let n be a non-null positive integer and d(n) the 
number of positive divisors of n. Of course, d(n) n, and 
d(n) = 1 if and only if n = 1. For n 2 we have d(n) >. 2. 
Find the smallest k such that 

d (d ( . . . d (n) . . .) ) =2 
k times 

(b) Let b(n) = Z d and m a given positive integer 

d/ n 
d>o 

Find the smallest k such that 

C(q( . . .G (2) ...))> m. 
k times 



UNSOLVED PROBLEM: 53 

Let a 17 a 2 , ... be a strictly increasing sequence of 

positive integers, and N (n) the number of terms of the 
sequence not greater than n. 

(1) Find the smallest k such that 

N (N ( . . . N (n) . . . ) ) is constant, for a given n. 
k times 



(2) If a x € {0,1}, find the smallest k such that 
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k a >. n, for a given n. 

a 
t 

i 

m 

e a 

s 1 

Particular Cases 

(a) When {a^ is the sequence of primes. 

(b) When {a^ is the sequence of m-th powers, for a 

given m : 0, 1, 2 m , 3 m , . . . 

For example, the sequence of perfect squares. 

(c) {^iK is anyone of the well known sequences of 
positive integers, for example Fibonacci (or Lucas, Fermat, 
Bernoulli, Mersenne, van der Waerden, etc.) numbers. 

UNSOLVED PROBLEM: 54 

Let k be a non— zero integer. There are only a finite 
number of solutions in integers p, q, x, y, each greater 
than 1, of the equation x p - y q = k . 

(On Catalan' s conjecture) [For k = 1 this was 
conjectured by Cassels (1953) and proved by Tijdeman 
(1976) .] 

(Gamma 2/1986) 




